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REMOVAL OF HALOGENS AND PHOTORESIST FROM WAFERS 

Field of the Invention 

This invention relates to semiconductor processing, and more 
5 particularly to removal of residues of photoresist and halogen molecules 
from a metal or polysilicon surface after photoresist stripping. 
Background of the Invention 

Masking of a surface on a semiconductor wafer with photoresist is 
commonly performed to define traces or lines on the surface for 
1 0 subsequent formation or current traces and components. After formation 
of these traces and/or components, the remaining photoresist material is 
often removed by exposure to a plasma or to a solution of H2O2 and 

sulfuric acid that, ideally, will not significantly etch or otherwise remove 
the current traces or components or the underlying substrate. Starting 

1 5 materials used for formation of this plasma can include O2, CF4, H2O and 

other gaseous compounds that react with and remove the photoresist 
material without seriously degrading other exposed substances on the 
wafer. A plasma that uses a mixture of O2 and CF4 will remove the 

photoresist material at practical rates at relatively low temperatures, and 
20 the fluorine atoms and ions in the plasma may partially displace any 
chlorine present in the photoresist material to thereby reduce the 
possibility of corrosion on metal surfaces. However, an O2 + CF4 plasma 

will also significantly etch an underlying Si-containing substrate materials 
such as polysilicon, Si02 or SiN. 

2 5 Another concern is corrosion of a wafer's metal surfaces, for 

example, an Al alloy, by chlorine-containing compounds such as CI2 and 
AICI3. These chlorine-containing residues may be left on the sidewalls of 
the remaining photoresist and/or metal and, in the presence of moisture, 
may produce acids such as HCl that move to and corrode exposed metal 

3 0 surfaces. Examples of this corrosion process and its control are discussed 

by Cameron and Chambers in "Successfiilly Addressing Post-etch 
Corrosion," Semiconductor International, May 1989, where the presence 
of a variety Cl-containing compounds, such as Al(OH)3, AICI4" and AICI3 
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can promote corrosion. One (24-hour) test of effectiveness of suppression 
of corrosion after a metal etch exposes the etched and non-passivated 
wafer to clean, ambient air for 24 hours. If no substantial corrosion is 
observed after 24 hours, the corrosion-suppression process is assumed to 
5 be reasonably effective. Unfortunately, use of a fluorine-containing 
plasma, such as O2 + CF4, for photoresist removal does not always 
remove all the halogens.. 

Other plasma starting materials, such as O2 or O2 + H2O, have also 
been used for photoresist stripping. Where an O2 plasma is used for this 
1 0 purpose, stripping activity increases with the concentration of O atoms 

(and ions) present, and increases with any decrease in activation energy for 
hydrogen extraction from the base polymer in the photoresist. Fujimura et 
al, in the 1990 Dry Process Symposium, pp. 153-156, and in Jour. Vac. 
Sci. Technol., vol. 9B (1991) pp. 357-361, report some interesting results 

1 5 here, where photoresist material is to be removed. The activation energy 

for H extraction is about 0.52 electron volts equivalent ("ev") where a 
pure O2 plasma is used and is about 0.39 ev where an O2 + H2O plasma or 
an O2 + H2 plasma is used for photoresist stripping. Further, the relative 
concentration of O atoms in the plasma (about 0.5 if only O2 is used) 

2 0 increases monotonically to about 1 .0 if 1 - 1 0 percent of H2O is added to the 

plasma, and the relative concentration of O atoms decreases monotonically 
for further increases in the relative amount of H2O added to the plasma. 

The authors speculate that presence of OH radicals is responsible for much 
of these effects. In these reports, an O2 + H2O plasma or an O2 + H2 

2 5 plasma is used only for stripping the remaining photoresist material. 

Other workers have reported on use of H2, O2 or NH3 for control 

or removal of chlorine or fluorine in semiconductor processes. 
Schachameyer et al, in U.S. Patent No. 4,940,505, discloses a process for 
removal of a regrown native oxide layer and a fluorinated layer, formed 

3 0 during epitaxial crystal growth in the presence of fluorine, from a 

semiconductor wafer. Hydrogen gas is introduced into a reaction chamber 
containing the wafer, and pulsed excimer laser radiation is directed at the 
wafer surface(s) through this gas. The incident radiation removes the 
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fluorine layer and promotes bonding of atoms of the hydrogen gas with 
silicon to form a substitute layer. 

United States Patent No. 5,200,031, issued to Latchford et al, 
discloses a method for removal of photoresist material from a metal layer 
5 on a wafer that removes or inactivates chlorine residues at the same time. 
In the photoresist removal process, NH3 plasma is first flowed through a 

reaction chamber containing the wafer. A second plasma, containing at 
least 90 percent O2 and at most 10 percent NH3, is then flowed through 

the chamber for 30-300 sec to complete the photoresist removal process. 
1 0 The 24-hour test was applied, and no remaining photoresist material or 
corrosion was found on the wafers tested. 

A method for photoresist removal from a metal surface on a 
semiconductor wafer that removes or inactivates chlorine residues is 
disclosed by Rhoades in U.S. Patent No. 5,221,424. A first stripping step 

1 5 uses a plasma containing O2, CmHnF2in+2-n n0O) or O2 + N2, 

with a power level of 500-5,000 Watts for an exposure time of 10 - 20 sec. 
A second stripping step uses a plasma containing H2O + H2O2 for an 

exposure time of 30 - 240 sec, with a reaction chamber temperatare T = 
245 or higher. The 24-hour test was applied, and no chlorine residues 

2 0 were observed on the metal surface(s) from which the photoresist was 

removed. The inventor does not indicate if all fluorine residues were also 
removed by this method. 

United States Patent No. 5,269,878, issued to Page et al, discloses a 
metal patteming method for IC fabrication that uses steam to remove 

2 5 chlorine residues after the etch step. Steam, or steam and water in the 

form of a mist, maintained at a temperature T > 100 is directed at the 
photoresist material and metallized wafer surface, which are spun at rates 
of 50 - 1.000 rpm, then at 2,000 - 5,000 rpm. No times are given for 
application of the steam/water to the photoresist material. 

3 0 Numasawa, in U.S. Patent No. 5,306,672, discloses a method for 

forming a gate oxide film, using treatment of the substrate with an HF 
solution as part of the process, and subsequent removal of fluorine 
residues. The substrate is treated with hydrofluoric acid, then with HF gas, 
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then with high purity H2 gas, maintained at a temperature T 0 200 ^C, to 
remove any residues of fluorine that remain on the substrate. 

A process for simultaneous removal of photoresist and polysilicon 
etch residues from an IC structure is disclosed by Hills et al in U.S. Patent 
5 No. 5,382,316. A polysilicon substrate, with photoresist material applied 
and maintained at a temperature T = 100 - 400 ^C, is exposed to a plasma 
containing (1) O2 and/or water vapor and (2) a fluorine-containing etchant 

gas for a time interval of 30 - 300 sec. This simultaneously removes the 
(remaining) photoresist material and etch residues such as SiBr^, SiCly 

1 0 and silicon oxides. 

In U.S. Patent No. 5,399,236, Ha et al disclose formation of a 

photoresist pattern on an Al metal layer by etching with plasma containing 

CL Residual CI is then eliminated using an oxygen plasma containing an 

alkyl ketone or alkyl ether to suppress subsequent corrosion of the wafer. 

1 5 Other workers have focused on production and maintenance of a 

plasma with adequate electron-ion energy transfer in a low pressure 
environment. J.B. Carter et al, in Transformer Coupled Plasma Etch 
Technology for the Fabrication of Sub-half micron Structures," Journal of 
Vacuum Technology Conference (1992), note that, at pressures above 100 

2 0 milliTorr, the mean free paths for reactants and for products in a plasma 

are small compared with the dimensions of the plasma sheath so that a 
representative ion may experience many ion-neutral collisions within the 
sheath before the ion reaches a substrate that is the target of the ions. 
These ion-neutral collisions cause a loss of ion energy and, more 

2 5 importantly, a loss in ion directionality that degrades the desired 

anisotropy of the ion bombardment of the substrate. The effects on the 
substrate of loss of ion bombardment anisotropy can be minimized by 
incorporation of special chemicals to create and maintain sidewall 
passivation or by reducing the pressure and thus increasing the mean free 

3 0 paths for ion-neutral collisions. 

However, reduction of these means free paths may substantially 
increase the rate of ion energy transfer to the reactor chamber walls, and 
the reactants must be produced and introduced into the reactor chamber at 
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correspondingly increased rates. Microwaves have been used with 
particular uniform magnetic field configurations to create regions of 
electron cyclotron resonance with locally increased ion density regions, 
[citations] This approach requires maintenance of stable, uniform magnetic 
5 fields, with increased cost and complexity. Another approach, also 
expensive, uses inductively coupled plasma sources to produce higher 
density ion sources at low pressures. 

Use of a transformer coupled plasma (TCP) to produce a higher 
density, low pressure plasma reactor region for plasma etching and 
1 0 fabrication of half-micron semiconductor structures is disclosed by Ogle in 
U.S. Patent No. 4,948,458 and is discussed by Carter et al, op. cit, A 
plasma reaction chamber is provided with a dielectric window of quartz, 
AI2O3 or other suitable non-absorbing material on one wall, and a planar 

spiral coil is located outside the chamber adjacent to this window. A 

1 5 poly silicon wafer is positioned within the chamber about 3-15 cm from 

and parallel to this window, and a low pressure (p = 1-3 milliTorr), 
chlorine-containing gas is admitted into the chamber. Alternating current 
flow in the coil produces a 13.56 MHz magnetic field, directed 
approximately perpendicular to the plane of the coil, in the gas-filled 

2 0 region between the window and the wafer. A low pressure plasma, moving 

approximately in a collection of planes parallel to the plane of the window, 
is produced for (preferably anisotropic) etching of small structures in the 
wafer. Optionally, an alternating electrical field, of frequency f = 400-550 
kHz or around 13.56 MHz, can be applied to an electrically conducting 

2 5 wafer support to provide an electrical field component perpendicular to 

the wafer plane, to provide an ion velocity component in this direction. 
The electrical field produced by the wafer support and the magnetic field 
produced by the planar coil have no particular frequency or phase 
relationship to each other. Ogle, in U.S. Patent No. 5,277,751, provides 

3 0 further improvements in the TCP apparatus that allow production of an 

approximately uniform magnetic field over a region up to 30 cm in 
diameter and allow operation at pressures as low as 0.1 Pascal. 
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Chen et al, in U.S. Patent Nos. 5,226,967 and 5,368,710, disclose an 
improvement in the TCP apparatus in which the dielectric window 
thickness is greater in a central portion of the window than near the 
window edges, to decrease the induced electrical field within the reaction 
5 chamber near this central portion. 

Most of these methods focus on removal of photoresist material and 
chlorine-containing residues from a patterned and etched substrate. What 
is needed is a method for removing photoresist material and halogen- 
containing residues, such as SiBr and HBr, from an etched substrate using 
1 0 a TCP source. Preferably, substrate etching and removal of the photoresist 
and halogen residues should occur in the same reaction chamber. 
Summary of the Invention 

These needs are met by the invention, which provides a method for 
removal of halogen and photoresist residues from a polySi or metallized 

1 5 wafer during photoresist stripping, using an H2O plasma. The wafer 

temperature for removal of the photoresist and halogen residues is 
relatively high here, preferably in the range T = 180 - 290 ^c. 

The photoresist and halogen residues are removed by exposure of 
the wafer to a plasma containing H2O and, optionally, H2, O2, OH and/or 

2 0 H2O2, where the wafer temperature is maintained in the range T = 180 - 

290 °C. The exposure time for the remaining photoresist material can 
vary from 30 - 300 sec, and the power applied to create the plasma to 
remove this material can vary from 1 - 500 Watts, depending in part upon 
the size of the reaction chamber. This photoresist/halogen residue removal 

2 5 process is performed in a TCP reaction chamber embodiment. 

In another embodiment, the etching process and the 
photoresist/halogen residue removal process are carried out in the same 
chamber, and the substantially different temperature requirements for each 
process are met by special wafer temperature control methods. 

3 0 Brief Description of the Drawings 

Figure 1 is a schematic side view of a portion of the substrate after 
the etching process is completed. 
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Figures 2 and 5 are cross-sectional side views of apparatus suitable 
for practising the invention in two embodiments. 

Figure 3 is a perspective view of the Figure 2 apparatus 
embodiment, 

5 Figure 4 is a graphical view of variation of ideal wafer temperature 

with time for the removal of substrate (etching) and for the removal of 
photoresist and halogen residues. 

Figure 6 is a cross-sectional side view of wafer support/chuck 
apparatus suitable for use with the reaction chamber shown in Figure 5. 
1 0 Rgures 7 and 8 are flow charts of processes for photoresist 

stripping and photoresist/halogen residue removal according to the 
invention. 

Detailed Description of the Invention 

The process of this invention may be utilized in fabrication of an 

1 5 integrated circuit stracture or any other structure where bromine or other 

halogen residues are likely to remain on the stracture after initial 
processing. Assume, for purposes of illustration, that the structure is a 
semiconductor wafer that has undergone photoresist deposit, radiation 
patterning and removal of selected portions of the photoresist material. 

2 0 Exposed substrate is etched, and the remaining photoresist material must 

be removed fiom the wafer, positioned in a plasma reaction chamber. 
Figure 1 schematically illustrates, in side view, portions of the substrate 8 
and photoresist material 9 that remain after etching, before removal of the 
remaining photoresist material and any halogen-containing residues. 

2 5 Figure 2 is a schematic side view of a plasma reaction chamber 10, 

which includes a closed housing 1 1 with a dielecuic window 13 located on 
one wall thereof and which contains a semiconductor wafer 15 supported 
by a wafer support 17 within this chamber. The dielectric window 
material is substantially transparent to electromagnetic radiation with a 

3 0 frequency fj q in the range 0.1-100 MHz. The dielectric window 13 is 

preferably heated by a heater 20 to remove most or all of the plasma 
and/or reaction by-products that would otherwise deposit or otherwise 
settle on this window. An approximately planar, current-carrying coil 19, 
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attached to an rf current source 21, is located outside the chamber 10, 
adjacent to and approximately parallel to the plane of the dielectric 
window 13. Circulation of a current in the planar coil 19 produces a 
magnetic field vector Bpj(t) approximately normal to the plane of the coil 
5 and an associated electrical field \ (t). 

A first plasma gas source or reservoir 23 introduces a first plasma 
source gas PSl, containing a hydrated halogen, such as HBr and/or 
CmHnS*"2m+2-n (m >1; n = 0, 1, ... , 2m+2). for removal of selected 
portions of the substrate 8 (Figure 1) on the wafer 15. The plasma gas PS I 

1 0 used for the substrate removal process in Figure 2 may contain other 

hydrated halogen molecules, such as HF, HCl, HI, CniHnF2in+2.n - 
CmHnCl2m+2-n and/or CinHnl2ni+2-n' ^n P^ace of or in addition to the 
bromine-containing molecules. An electrical current Ipi(t) varying with 

time t and containing an alternating component is applied to the planar coil 
15 19 by the current source 21. The resulting current lp](t) in die planar coil 

19 may vary with time t as 

lpl(0 - lpl,0 + Ipl.l cos (Ai Qt , (1) 
where lpi,0 and Ipj ] are selected constants, with Ipi j ?t 0, and fj q = 
(Oj o/2jc is a selected frequency in the range 0.1 - 100 MHz. Optionally, 

20 the wafer support 17 is an electrode with an applied electrical potential 
Vsl(0 = Vsi,o + Vsi,i cos(ti)i it + (|)i) (2) 
produced by an electrical field source 18, where V^j q, ^sl,l and are 
selected constants and fij = (Oj i/27C is a selected frequency in the range 
0.1 - 100 MHz. That is, the wafer support 17 may be a standard wafer 

2 5 chuck or may be an electrostatic or electrodynamic chuck to which a 

constant or time-varying electrical potential is applied. The frequencies 
to 10 and ©i j for the current Ipi(t) and applied electrical potential 
Vsi(t) may be chosen independently or may be approximately equal to 
each other. The electromagnetic field produced by the planar coil 19 in the 

3 0 gap between the window 13 and the wafer 15 produce a plasma 22 and 

help to confine most of this plasma to an q)proximately planar region that 
is adjacent to and approximately parallel to one or more of the exposed 
surfaces of the wafer 15. 
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The first plasma source gas PSl is admitted into the reaction 
chamber 10 at a partial pressure pi = 0.5 - 100 mTorr, the current Ipi(t) 

is applied to the planar coil 19, and a plasma 22 is formed at a location 
adjacent to one or more exposed surfaces of the wafer 15. Entry of the 
5 plasma source gas PSl into the chamber 10 from the plasma gas source or 
reservoir 23 is controlled by a plasma gas valve 23V. For purposes of 
illustration, the plasma gas used in the etching process will be assumed to 
include a compound containing H and Br, such as HBr and/or 
CniHnBr2m+2-n ^1; n = 0, 1, ... , 2m+2). The plasma 22 is at least 
1 0 partially decomposed into H radicals, Br radicals and HBr ions, and these 
plasma products react with the exposed substrate material. After these 
reactions occur, the plasma gas 22 and the reaction products are removed 
from the chamber at a gas exit port 25 that is controlled by an exit port 
valve 25V. 

1 5 Optionally, after the plasma gas 22 and the reaction products have 

been removed from the chamber 10, a relatively inert purge gas, such as 
N2 . He, Ne or Ar, is admitted into the chamber 10 from a purge gas 

source or reservoir 29 that is controlled by a purge gas valve 29V. The 
purge gas then exits from the chamber 10 through the exit port 25, 

2 0 carrying away most or all of the residual gases from etching in the 

reaction chamber 10. The wafer 15 is then moved to a second reaction 
chamber 30, which is also shown in Figure 1 and is similar to the first 
reaction chamber 10, for removal of the residual halogens and remaining 
photoresist material. 

2 5 The second reaction chamber 30 includes a housing 3 1 , a dielectric 

window 33 (preferably heated) and a wafer support 37 for a wafer 35. A 
planar, current-carrying coil 39, located outside the housing and adjacent 
to the dielecu-ic window 33, is fed by an rf current source 41 and produces 
an magnetic field vector fip2(t) directed approximately normal to the 

3 0 plane of the coil and an associated electric field Ep2(t) in the region 

between the dielectric window 33 and the wafer 35, where a plasma will 
be formed. The current carried in in planar coil 39 preferably has the 
form 
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Ip2(0 = Ip2,0 + Ip2.1 COS (02,ot . (3) 
where Ip2,o Ip2,I are selected constants, with Ip2j ^ 0, and f2 q = 
0)2,0/271 is a selected frequency in the range 0.1-100 MHz. The wafer 

support 37 is a standard wafer chuck or an electrostatic chuck. Preferably, 
5 no applied electrical potential analogous to V^i (t) in Eq. (2) is applied 

during removal of the remaining photoresist material and halogen residues 
in the reaction chamber 30. 

A plasma gas source or reservoir 47, controlled by a plasma source 
valve 47V, introduces a plasma source gas PS2 into the second reaction 

1 0 chamber 30 at a partial pressure P2 = 100 - 2500 mTorr (preferably in the 
range 1000-1200 mTorr), and a plasma 44 is formed adjacent to one or 
more exposed surfaces of the wafer 35, for removal of the residues of 
photoresist material and residues of the halogen-containing molecules. The 
plasma source gas PS2 contains H2O and, optionally, contains O2 and/or 

1 5 H2 and/or OH and/or H2O2 as well. The plasma 44 contains some H 

radicals, H2 ions, O radicals, O2 ions and/or OH radicals. These molecules 
react with the remaining Br-containing (or halogen-containing) molecules 
on or near the exposed surfaces of the wafer 35 (Figure 1) to remove these 
Br molecules by reactions such as 

20 2H + XBr + YBr 2HBr + XY, (4) 

where X and Y may be monovalent elements or molecules. After these 
reactions occur, the plasma 44 and the reaction products, such as HBr and 
XY, are removed from the chamber at a gas exit port 45, controlled by a 
gas exit port valve 45V. The gas exit port 25 and the gas exit port 45 may 

25 be independently located on a side wall or on an end wall of their 

respective housings 1 1 and 31. Optionally, a purge gas is again introduced 
into the second reaction chamber 30 to scavenge and carry away any 
residual gaseous products remaining in the chamber. 

Figure 3 is a perspective view showing several of the components of 

3 0 the reaction chamber 10, preferably a LAM TCP chamber, and the 
reaction chamber 30, preferably a LAM DSQ chamber, that appear in 
Figure 2. 
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Two separate reaction chambers 10 and 30 can be used for removal 
of exposed substrate and removal of remaining photoresist material and 
residual halogens. The preferred wafer temperature for removal of 
polysilicon or metallized substrate (process 1 : etching) is in the range T - 
5 Tl = 0 - 70 ^C, and the preferred wafer temperatures for removal of 

photoresist/halogen residues (process 2) is in the range T = T2 = 180 - 290 
^C, as illustrated in Figure 4. The second reaction chamber 30 in Figure 2 
must be provided with additional wafer heating or wafer temperature 
control means for maintaining the wafer temperature at the higher 

1 0 temperatures during the second removal process. An etching molecule 

such as HCl has a higher vapor pressure than an etching molecule such as 
HBr at the same temperature so that the wafer temperature used for 
removal of HCl from the wafer may be lower than the wafer temperature 
used for removal of HBr. 
15 In an alternative embodiment, a single reaction chamber 50, shown 

in Figure 5, is used for substrate etching on a wafer 55, purged with a 
purge gas, used for photoresist/halogen residue removal, and purged with 
another purge gas. The electrical currents Ip3(t) and Ip4(t) produced in a 

planar coil 59 are independently selected for the two processes; and an 

2 0 electrical potential fields V53(t) is produced in an electrode that is 

optionally part of a wafer support 57 and used for the etching process. 

The reaction chamber 50 in Figure 5 includes a closed housing 51 
with a dielectric window 53 (preferably heated by a heater 60) on one 
wall. A wafer 55 is positioned inside the chamber facing the dielectric 

2 5 window and supported by a grooved or channeled wafer support 57. The 

wafer support 57 has a plurality of grooves 57G and/or channels 57C 
formed therein, through which a temperature conditioning ("TC") gas (in 
the grooves 57G and channels 57C) or liquid (in the channels 57C) is 
circulated to maintain the wafer temperature within its preferred ranges 

3 0 for each of the etching process and the photoresist/halogen residue 

removal process. The wafer support 57 is a standard wafer chuck with 
grooves and channels or, optionally, is an electrostatic or electrodynamic 
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wafer chuck with an if electrical potential field source 58 attached thereto 
to provide a static or time-varying electrical potential 

Vs3(0 = 0 + Vs3, 1 cos ((03 j t + (|>3) (5) 
at the wafer support. An approximately planar, current-carrying coil 59 is 
5 located outside the chamber housing 5 1 , adjacent to and with its plane 

approximately parallel to, a plane of the dielectric window 53. Cuirent 
Ip3(t) of the form 

Ip3W = Ip3.0 + Ip3,l cos ©3 Qt , (6) 
is supplied for the planar coil 59 by an rf current source 61. The 
1 0 frequencies ©3 0 and (03 j may be chosen independently or may be 
approximately equal to each other. 

A first plasma gas PSl from a first plasma gas source or reservoir 
63 is admitted to the interior of the chamber 50 through a first plasma 
source valve 63V, and a first plasma 62 is formed adjacent to one or more 

1 5 exposed surfaces of the wafer 55. At this point in time, selected portions of 

the wafer 55 are covered with photoresist material that was not removed 
in the initial patterning. Exposure of the wafer 55 (selectively covered 
with photoresist material) to the first plasma gas PS 1 removes selected 
portions of the exposed substrate, through etching. During this etching 

2 0 process, the wafer 55 is maintained in a first preferred temperature range 

T = Tl by a first TC fluid (liquid or gas) from a first TC fluid source 71 
that flows through the grooves 57G (gas only) or through the channels 
57C (liquid or gas) in the wafer support 57 to a TC fluid reservoir 73. 
Circulation of this first TC fluid within the wafer support 57 maintains die 

2 5 wafer 55 at a relatively low temperature T « Tl during etching. The 

temperature T « Tl of the wafer 55 can also be maintained by other means 
during the etching process. 

Optionally, the grooved or channeled wafer support 57 may be 
replaced by a more conventional solid wafer support, such as 17 or 37 in 

3 0 Figure 2, and the wafer 55 may be heated to the appropriate temperature 

range by two or more radiant heating units 76 and 78 that are positioned 
adjacent to and are directed at the wafer in the etch process and/or in the 
photoresist/halogen residue removal process, as indicated in Figure 5. 
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Preferably, the radiant heating units 76 and 78 are isolated from the 
plasma 62 (or 64) in the reaction chamber 50 , as shown in Figure 5, and 
are positioned to irradiate the wafer 55 through heated dielectric windows 
77 and 79, respectively. The radiant heating units are supplied with power 
5 from a radiant heat energy source 80. 

The first plasma gas PS I, selected portions of the substrate material 
and etch reaction products exit from the reaction chamber 50 through a 
gas exit port 65 and associated exit port valve 65V, located in a side wall 
of the housing 51, or through a gas exit port 66 and associated exit port 
1 0 valve 66V, located in a bottom wall of the housing 5 1 . A purge gas, such 
as N2 , He, Ne or Ar, is optionally introduced into the chamber 50 from a 

purge gas source 69 and associated purge gas valve 69V and allowed to 
exit through the gas exit port 65 and/or through the gas exit port 66, to 
carry away some or all of the etched substrate material and etch reaction 
1 5 products. 

A second plasma gas PS2 from a second plasma gas source or 
reservoir 67 is admitted to the reaction chamber 50 through a second 
plasma source valve 67V, and a second plasma 64 is formed adjacent to 
one or more of the exposed surfaces of the wafer 55. At this point in time, 
20 the etched wafer 55, partly covered with photoresist material, resembles 
the wafer profile shown in Figure 1 and may have halogen residues on the 
exposed wafer surfaces. During the photoresistAialogen residue removal 
process, the wafer is maintained in a second preferred temperature range 
T « T2 by a second TC fluid from a second TC fluid source 75 that flows 

2 5 through the grooves 57G (gas only) or channels 57C (liquid or gas) in the 

wafer support 57 to the fluid reservoir 73. Again, circulation of the 
second TC fluid within the wafer support 57 can be replaced or 
supplemented by heating from the radiant heating units 76 and 78, to 
maintain the wafer temperamre in the second preferred temperature range 

3 0 T « T2. 

Current Ip4(t) of the form 

lp4(0 = Ip4,0 + Ip4»l ®4,0t » 
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is supplied for the planar coil 59 by an rf current source 61. The 
frequencies 0)3 q and ©4 0 may be chosen independendy or may be 

approximately equal to each other. The remaining photoresist material and 
halogen residues are removed from die surfaces of die wafer 55 by the 
5 second plasma 64. This second plasma gas PS2 is preferably H2O and may 
also contain H2, 02, OH and/or H2O2. Reaction of the second plasma 64 
with the residues on the wafer 55 removes the remaining photoresist 
material and halogen residues from the wafer surfaces. The second plasma 
gas, remaining photoresist material, halogen residues and reaction 
1 0 products exit from the reaction chamber 50 dirough the exit port 65 

and/or through the exit port 66. The reaction chamber is dien purged widi 
a purge gas, such as N2 , He, Ne or Ar, from the purge gas source 69. 

Figure 6 illustrates in more detail a wafer support 57 that can be 
used as part of the invention. The wafer support 57 includes a relatively 

1 5 thin upper wafer support block 57U that optionally contains a plurality of 

fluid-carrying grooves (interconnected or otherwise) 57G. The wafer 
support 57 also includes a lower support block 57L that optionally contains 
a plurality of interconnected fluid-carrying channels 57C. A TC gas 
optionally flows under some pressure from a first TC gas source 7 1 

2 0 through die fluid flow grooves 57G to a fluid reservoir 73. A TC fluid 

(gas or liquid) optionally flows under some pressure from a TC fluid 
source 75 du-ough die fluid flow channels 57C to die fluid reservoir 73. 
The TC gas circulated in the fluid flow grooves 57G is preferably a high 
specific heat capacity gas, such as H2O gas. He, Ne or Ar, maintained at a 

2 5 relatively low temperature, such as T < 70 ^C. The TC fluid circulated in 

the fluid flow channels 57C is preferably a high specific heat capacity 
fluid, such as deionized water, H2O gas. He, Ne or Ar, maintained at a 

relatively low temperature, such as T = Tl = 0 - 70 ^C. 

The upper wafer support block 57U is spaced apart from the lower 

3 0 wafer support block 57L by diermally insulating spacers 57S diat define a 

separation space 57V between the upper wafer support block and the lower 
wafer support block. The upper support block 57U is preferably a thin 
block of high thermal conductivity material of relatively low thermal 
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mass. The lower support block 57L is preferably a block of high thermal 
conductivity material of relatively high thermal mass. The relatively low 
thermal mass of the thin upper support block 57U allows this block to be 
heated or cooled to a target temperature relatively quickly. 
5 The separation space 57V can be altematingly evacuated or filled 

with an inert, high thermal conductivity second TC fluid, such as He, Ne 
or Ar, from a second TC fluid source 74. The separation space 57V is 
preferably filled with the second TC fluid when a wafer 55 is to be 
maintained in the lower temperature range T = Tl and is preferably 
1 0 evacuated when the wafer is to be maintained in the higher temperature 
range T = T2. 

In the wafer etching process, the wafer 55 is maintained at a 
temperature in the range T » Tl = 0 - 70 °C, by circulating a relatively 
cool first TC fluid in the channels 57C, with the separation space 57V 

1 5 preferably being filled with the third TC fluid. 

In the photoresist/halogen residue removal process, the wafer 55 is 
maintained at a temperature in the range T « T2 = 180 - 290 °C, by 
optionally circulating H2O gas. He or another high temperature gas in the 

grooves 57G and by evacuating the separation space 57V. 

2 0 In a reversed situation, the separation space 57S can be filled with 

the second TC fluid when the wafer 55 is to be maintained in the lower 
temperature range T « Tl, for etching, and can be evacuated when the 
wafer is to be maintained in the higher temperature range T « T2, for 
removal of photoresist material and halogen residue. In this reversed 

2 5 situation, a warm TC fluid (T > 180 ^C) is always circulated through the 

fluid-carrying channels 57 C in the wafer lower support block 57L; a 
relatively cool (warm) TC gas is circulated through the gas-carrying 
grooves 57G in the wafer upper support block 57U during etching (during 
photoresist/halogen removal). 

3 0 Figure 7 illustrates the processes of etching and removal of the 

remaining photoresist material and halogen residues, using the double 
chamber apparatus shown in Figure 2. An etchant or substrate removal gas 
is admitted to a first reaction chamber, in step 81, and an etching plasma is 
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fonned using a planar, current-carrying coil, in step 83. This etchant gas 
includes halogen-containing molecules, such as HF, HCl, HBr or HI and/or 
a halogenated hydrocarbon such as CnHmBr2n+2-m- step 85, a wafer, 
maintained at a selected temperature in the range T = Tl = 0 - 70 °C, with 
5 portions of the photoresist material removed as indicated in Rgure 1 to 
expose corresponding portions of the substrate, is exposed to the etching 
plasma. The planar coil described above is used to confine most of the 
etching plasma approximately to a plane adjacent to an exposed wafer 
surface. The etching plasma remains witfiin the reaction chamber long 
1 0 enough so that the exposed substrate is exposed to and reacts with this 
plasma, to remove selected portions of the exposed substrate. In step 87, 
the etching reaction products are removed from the reaction chamber and 
the etching plasma is extinguished. In step 89 (optional), die reaction 
chamber is flushed with an inert gas, such as N2 , He, Ne, Ar or another 

1 5 suitable gas, to remove most or all of the etching reaction products 

produced by plasma reactions with die exposed substrate that has been 
removed. Preferably, the wafer temperamre, wafer exposure time and 
power applied to form the etehing plasma gas in the respective ranges T ~ 
Tl = 0 - 70 oc, At = 30 - 300 sec and P = 1 - 500 Watts. At tfiis point, 

2 0 photoresist material and residues of the halogen-containing molecules used 

for etching remain on the wafer surfaces. 

In step 90, die wafer is transported from the first reaction chamber 
to a second reaction chamber for removal of the remaining photoresist and 
halogen residues, where the wafer is maintained at a higher selected 

2 5 temperature (T « T2 = 180 - 290 OC). In step 9 1 , a photoresist/halogen 

residue removal gas containing H2O and, optionally, O2 and/or H2 and/or 
OH and/or H2O2. is admitted to the second reaction chamber. An H2O 
plasma is formed and positioned in step 93, using another planar, current- 
carrying coil to maintain the plasma approximately in a plane, for removal 

3 0 of the remaining photoresist and halogen residues contained on the wafer 

surfaces. The wafer is then exposed to the H2O plasma, in step 95. This 
plasma contains a modest fraction of radicals and/or ions of H, H2, O, O2 
and/or OH that react with the remaining photoresist material and with 
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residual halogen-containing molecules, such as Br or SiBr, on the exposed 
surfaces of the wafer to form HBr and other bromine-containing 
molecules, by reactions such as that set forth in Eq. (4) above. The 
unreacted plasma, photoresist material constituents and residual halogen- 
5 containing molecules exit from the second reaction chamber and the 
plasma is extinguished, in step 97. The second reaction chamber is 
optionally flushed with an inert gas, such as N2 , He, Ne or Ar, in step 99, 

to remove any remaining gas molecules, especially halogen-containing 
molecules. Preferably, the wafer temperature, wafer exposure time and 
1 0 power applied to forai the H2O plasma are in the respective ranges T « T2 

= 180 - 290 <>C, At = 30 - 300 sec and P = 1 - 500 Watts. The wafer can 
then be moved to its next processing station. 

Figure 8 illustrates the etching process and photoresist/halogen 
residue removal processes using the single reaction chamber apparatus 

1 5 shown in Figure 5. An etching gas, including halogen-containing 

molecules, such as HF, HCl, HBr or HI and/or a halogenated hydrocarbon 
such as CnHjnBr2n+2-m' admitted to a reaction chamber, in step 101. 
An etching plasma is formed using a planar, current-carrying coil, in step 
103. In step 105, a wafer, maintained at a selected temperature in the 

2 0 range T « Tl = 0 - 70 and partly coated with photoresist material, is 

exposed to this etching plasma, using the planar coil as described above to 
confine most of the plasma approximately to a plane adjacent to an exposed 
wafer surface. The etching plasma remains within the reaction chamber 
long enough so that selected portions of the exposed substrate are exposed 

2 5 to and react with this plasma, and these selected portions of the exposed 

substrate material are removed. In step 107, the etching reaction products 
are removed from the reaction chamber and the etching plasma is 
extinguished. In step 109 (optional), the reaction chamber is flushed with 
an inert gas, such as N2 , He, Ne, Ar or another suitable gas, to remove 

3 0 most or all of the etching reaction products produced by this plasma. 

Preferably, the wafer temperature, wafer exposure time and power 
appUed to form the etching plasma gas are in the respective ranges T = Tl 
= 0-70 ^C, At = 30 - 300 sec and P = 1 - 500 Watts. In step 1 10, the 
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wafer temperature is elevated to a second temperature range T ^ T2 = 180 
- 290 ^C. The wafer remains in the (single) reaction chamber. 

In step 1 1 1, a photoresist/halogen residue removal gas containing 
H2O and, optionally, O2 and/or H2 and/or OH and/or H2O2. is admitted to 
5 the (same) reaction chamber. An H2O plasma is formed and positioned in 
step 1 13, using another planar, current-carrying coil to maintain the 
plasma approximately in a plane, for removal of the remaining photoresist 
material and residual halogen-containing molecules. The wafer surface at 
this point contains some photoresist material and residues of the halogen- 
1 0 containing molecules. The wafer is then exposed to the H2O plasma, in 

step 1 15. This plasma optionally contains a modest fraction of radicals 
and/or ions of H, H2, O, O2 and/or OH that react with the remaining 

photoresist material and with the residual halogen-containing molecules, 
such as Br or SiBr, on the surfaces of the wafer to form HBr. BrOH and 

1 5 other bromine-containing molecules, by reactions such as that set forth in 

Eq. (4) above. The unreacted plasma, photoresist material constituents and 
residual halogen-containing molecules exit from the reaction chamber and 
the plasma is extinguished, in step 117. The reaction chamber is again 
optionally flushed with an inert gas, such as N2 , He, Ne or Ar, in step 

2 0 119, to remove any remaining gases. Preferably, the wafer temperature, 

wafer exposure time and power applied to form the H2O plasma are in the 

respective ranges T T2 = 180 - 290 ^C, At = 30 - 300 sec and P = 1 - 
500 Watts. The wafer can then be moved to its next processing station. 
The processes described above can also be used to remove residues 
2 5 containing fluorine and/or chlorine and/or bromine and/or iodine 

molecules from the wafer. The exposed wafer material may be polysilicon. 
Alternatively, the exposed wafer material may be metallized with a metal 
or metal alloy, such as Al, where a presence of residue of a halogen such 
as chlorine can lead to corrosion of the exposed metal. 
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1. A method of removal of photoresist material from a poly silicon 
or metallized semiconductor wafer on which the photoresist has been 
deposited, the method comprising the steps of: 

providing a wafer, having photoresist material coating and residual 
halogen-containing molecules on portions of its surface in a reaction 
chamber; 

generating a plasma from a plasma gas that includes H2O molecules 
as a constituent, to produce at least one hydrogen-containing radical in the 
plasma 

maintaining the plasma as an approximately planar body that is 
approximately parallel to an exposed surface of the wafer, by providing a 
time-varying magnetic field whose magnetic field vector fii(t) is 

substantially perpendicular to an exposed surface of the wafer; 

exposing the wafer, photoresist material coating and residual 
halogen-containing molecules to the plasma, to remove substantially all of 
the photoresist material coating and residual halogen-containing molecules 
from the wafer, and 

removing the gas products from reaction of the plasma with the 
photoresist material coating and residual halogen-containing molecules 
from the reaction chamber. 

2. The method of claim 1, fiirther comprising the step of providing 
said plasma gas with a second gas constituent that is drawn from the class 
hydrogen-containing and oxygen-containing molecules consisting of H2, 

O2, OH and H2O2. 

3. A method of removal of photoresist material from a polysilicon 
or metallized semiconductor wafer on which the photoresist has been 
deposited, the method comprising the steps of: 
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providing a wafer, having photoresist material coating on portions 
of its surface and being exposed on other portions of its surface, in a 
reaction chamber; 

generating a first plasma from a first plasma gas that includes 
selected molecules containing a selected halogen; 

maintaining the first plasma as an approximately planar body that is 
approximately parallel to an exposed surface of the wafer, by providing a 
time- varying magnetic field whose magnetic field vector fijCt) is 

substantially perpendicular to the wafer exposed surface; 

allowing the first plasma to etch selected portions of the wafer at the 
exposed surfaces of the wafer; 

maintaining said wafer in a selected range of temperatures T with a 
range QOC < T < 70 ^C, while said wafer is exposed to said first plasma; 

removing gas products from reaction of the first plasma with the 
wafer from the reaction chamber; 

generating a second plasma from a second plasma gas that includes 
molecules of H2O as a primary gas constituent, to produce at least one 

hydrogen-containing radical in the second plasma in the same reaction 
chamber; 

maintaining the second plasma as an approximately planar body that 
is approximately parallel to the wafer exposed surface, by providing a 
time-varying magnetic field whose magnetic field vector B2(t) is 

substantially perpendicular to a plane of the wafer exposed surface; 

exposing the photoresist material and residual halogen-containing 
molecules from the first plasma to the second plasma for a time interval of 
at least 30 seconds, and allowing the hydrogen-containing radicals to react 
with and remove the photoresist material and the residual halogen- 
containing molecules on the wafer to remove these residual substances 
from the wafer; 

maintaining said wafer in a selected range of temperatures T with a 
range 180 < T < 290 ^C, whUe said wafer is exposed to said second 
plasma; 



wo 97/11482 PCT/US96/14054 

21 

removing gas products from reaction of the second plasma with the 
photoresist material and residual halogen-containing molecules from the 
reaction chamber. 

4. The method of claim 3. further comprising the step of providing 
said second plasma gas with a second gas constituent that is drawn from 
the class hydrogen-containing and oxygen-containing molecules consisting 
ofH2, 02, OH and H2O2. 

5- Apparatus for removal of photoresist material from a polysilicon 
or metallized semiconductor wafer on which the photoresist has been 
deposited, the apparatus comprising: 

a closed housing having a dielectric window on one wall of the 
housing that is substantially transparent to electromagnetic radiation 
having a selected frequency fo in the range 0.1-100 MHz; 

a wafer support, positioned within the housing and adjacent to but 
spaced apart from the dielectric window, for supporting a wafer having a 
first portion of its surface covered with photoresist material and having a 
second portion of its surface exposed; 

wafer temperature control means for maintaining the temperature 
of a wafer that is positioned on the wafer support approximately at a first 
temperature Tl in the approximate range 0 < Tl < 70 during a 
first selected time interval and for maintaining the temperature of the 
wafer approximately at a second temperature T2 in the approximate range 
180 < T2 < 290 during a second selected time interval; 

a first electromagnetic field source, positioned outside the housing 
adjacent to the dielectric window, that produces an electromagnetic field 
with a magnetic field vector Ep(t) that varies with time t approximately as 
Bp(t) = BpO + Bpicos(27cfot) in the first selected time interval and in the 
second selected time interval, where BpO and Bpj are selected constant 
vectors, where die direction of the magnetic field Bp(t) is approximately 
perpendicular to a plane of the dielectric window and where fQ is a 
selected frequency lying in the range 0.1 MHz < fg ^ 100 MHz; 
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a second electromagnetic field source, positioned within the housing, 
that produces an electromagnetic field with an electrical field vector EgCt) 
that varies with time approximately as fis(t) = EsO + Bslcos(27cfit + <|)) in 
the first selected time interval, where EpQ and Ep 2 are selected constant 
vectors, where f 1 is a selected frequency lying in the range 0.1 MHz < f j 
< 100 MHz, and where (j) is a selected phase angle; 

a first plasma gas source, positioned adjacent to and connected to the 
housing, to deliver a first selected plasma gas containing a compound 
including hydrogen and a selected halogen to a selected region within the 
housing that is positioned between the wafer support and the dielectric 
window, in a first processing time interval that includes the first selected 
time interval; 

a second plasma gas source, positioned adjacent to and connected to 
the housing, to deliver a second selected plasma gas containing H2O to the 

selected region within the housing in a second processing time interval that 
includes the second selected time interval; and 

an exit port to remove gases from within the housing after 
completion of the first processing time interval and after completion of the 
second processing time interval. 

6. Hie apparatus of claim 5, wherein said second selected plasma gas 
also contains molecules drawn from die class of molecules consisting of 
H2, 02, OH and H2O2. 

7. Apparatus for removal of photoresist material from a poly silicon 
or metallized semiconductor wafer on which the photoresist has been 
deposited, the apparatus comprising: 

a closed first housing having a first dielectric window on one wall 
of the first housing that is substantially transparent to electromagnetic 
radiation having a selected frequency fQ in the range 0.1-100 MHz; 

a first wafer support, positioned within the first housing and 
adjacent to but spaced apart from the first dielectric window, for 
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supporting a wafer having a first portion of its surface covered with 
photoresist material and having a second portion of its surface exposed; 

first wafer temperature control means for maintaining the 
temperature of a wafer that is positioned on the first wafer support 
approximately at a first temperature Tl in the approximate range 0 < 
Tl < 70 during a first selected time interval; 

a first electromagnetic field source, positioned outside the first 
housing adjacent to the first dielectric window, fthat produces an 
electromagnetic field with a magnetic field vector Bp(t) that varies with 
time t approximately as Rp(t) = BpO + Bpicos(2jcfot) in the first selected 
time interval and in the second selected time interval, where BpQ and Bpj 

are selected constant vectors, where the direction of the magnetic field 
Sp(t) is approximately perpendicular to a plane of the first dielectric 
window and where fQ is a selected frequency lying in the range 0.1 MHz < 
fO < 100 MHz; 

a second electromagnetic field source, positioned within the first 
housing, that produces an electromagnetic field with an electrical field 
vector Es(t) that varies with time approximately as Es(t) = EsO + 
Eslcos(27cfit + (|)) in the furst selected time interval, where EpQ and Epi, 
are selected constant vectors, where f j is a selected frequency lying in the 
range 0.1 MHz < fj < 100 MHz, and where <() is a selected phase angle; 

a first plasma gas source, positioned adjacent to and connected to the 
first housing, to deliver a first selected plasma gas containing a compound 
including hydrogen and a selected halogen to a first selected region within 
the first housing that is positioned between the first wafer support and the 
first dielectric window, in a first processing time interval that includes the 
first selected time interval; 

a first exit port to remove gases from within the first housing after 
completion of the first processing time interval; 

a second closed housing having a second dielectric window on one 
wall of the second housing that is substantially transparent to 
electromagnetic radiation having a selected frequency fg in the range 0.1 

- 100 MHz; 
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a second wafer support, positioned within the second housing and 
adjacent to but spaced apart from the second dielectric window, for 
supporting a wafer having an exposed surface; 

second wafer temperature control means for maintaining the 
temperature of a wafer that is positioned on the second wafer support 
approximately at a second temperature T2 in the approximate range 180 
< T2 < 290 OC during a second selected time interval; 

a third electromagnetic field source, positioned outside the second 
housing adjacent to the second dielectric window, that produces an 
electromagnetic field with a magnetic field vector fi'p(t) that varies with 
time t approximately as B'p(t) = B'pQ + B'picos(27cfot) in the second 
selected time interval, where fi'pQ and B'pi are selected constant vectors, 
where the direction of the magnetic field B'p(t) is approximately 
perpendicular to a plane of the second dielectric window and where f o is 
a selected frequency lying in the range 0.1 MHz < Fq < 100 MHz; 

a second plasma gas source, positioned adjacent to and connected to 
the second housing, to deliver a second selected plasma gas containing H2O 

to a second selected region within the second housing that is positioned 
between the second wafer support and the second dielectric window in a 
second processing time interval that includes the second selected time 
interval; and 

a second exit port to remove gases from within the housing after 
completion of the second processing time interval. 

8. The apparatus of claim 7, wherein said second selected plasma gas 
also contains molecules drawn from the class of molecules consisting of 
H2, O2. OH and H2O2. 

9. Apparatus for removal of photoresist material from a polysilicon 
or metallized semiconductor wafer on which the photoresist has been 
deposited, the apparatus comprising: 
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a closed housing having a dielectric window on one wall of the 
housing that is substantially transparent to electromagnetic radiation 
having a selected frequency fQ in the range 0.1-100 MHz; 

a wafer support, positioned within the housing and adjacent to but 
spaced apart from the dielectric window, for supporting a wafer having a 
first portion of its surface covered with photoresist material and having a 
second portion of its surface exposed; 

a plurality of fluid-carrying grooves or channels, formed in the 
wafer support for wafer temperature control, for maintaining the 
temperature of a wafer that is positioned on the wafer support 
approximately at a first temperature Tl in the approximate range 0 < 
Tl < 70 during a first selected time interval and for maintaining the 
temperature of the wafer approximately at a second temperature T2 in the 
approximate range 180 < T2 < 290 during a second selected time 
interval; 

a first electromagnetic field source, positioned outside the housing 
adjacent to the dielectric window and including a current-carrying coil 
formed approximately in a plane that is approximately perpendicular to a 
plane of the dielectric window, that produces an electromagnetic field with 
a magnetic field vector Ep(t) that varies with time t approximately as 
Bp(t) = Bpo + fipicos(2icfot) in the first selected time interval and in tiie 
second selected time interval, where BpO and Bp 2 are selected constant 
vectors, where the direction of tiie magnetic field ^(t) is approximately 
perpendicular to a plane of the dielectric window and where fo is a 
selected frequency lying in the range 0.1 MHz < fg ^ 100 MHz; 

a second electromagnetic field source, positioned within the housing 
adjacent to the wafer support and including a time-varying voltage source, 
that produces an electromagnetic field widi an electrical field vector EgCt) 
that varies witfi time approximately as EgCt) = E^o Esicos(27tf jt + ^) in 
the first selected time interval, where EpO and Epi are selected constant 
vectors, where fj is a selected frequency lying in the range 0,1 MHz < fj 
< 100 MHz, and where (j) is a selected phase angle; 
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a first plasma gas source, positioned adjacent to and connected to the 
housing, to deliver a first selected plasma gas containing a compound 
including hydrogen and a selected halogen to a selected region within the 
housing that is positioned between the wafer support and the dielectric 
window, in a first processing time mterval that includes the first selected 
time interval; 

a second plasma gas source, positioned adjacent to and connected to 
the housing, to deliver a second selected plasma gas containing H2O to the 

selected region within the housing in a second processing time interval that 
includes the second selected time interval; and 

an exit port to remove gases ft^om widiin the housing after 
completion of the first processing time interval and after completion of the 
second processing time interval. 

10. Apparatus for removal of photoresist material from a 
polysilicon or metallized semiconductor wafer on which the photoresist 
has been deposited, the apparatus comprising: 

a closed first housing having a first dielectric window on one wall 
of the first housing that is substantially transparent to electromagnetic 
radiation having a selected frequency fQ in the range 0.1-100 MHz; 

a first wafer support, positioned within the first housing and 
adjacent to but spaced apart from the first dielectric window, for 
supporting a wafer having a first portion of its surface covered with 
photoresist material and having a second portion of its surface exposed; 

a plurality of fluid-carrying grooves or channels, formed in the first 
wafer support for wafer temperature control, for maintaining the 
temperature of a wafer that is positioned on the first wafer support 
approximately at a first temperature Tl in the approximate range 0°C< 
Tl < 70 °C during a first selected time interval; 

a first electromagnetic field source, positioned outside the first 
housing adjacent to the first dielectric window and including a current- 
carrying coil formed approximately in a plane that is approximately 
perpendicular to a plane of the dielectric window, that produces an 
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electromagnetic field with a magnetic field vector Bp(t) that varies with 
time t approximately as Bp(t) = BpQ + fipicos(27rfot) in the first selected 
time interval and in the second selected time interval, where BpQ and Bpi 

are selected constant vectors, where the direction of the magnetic field 
E.p(t) is approximately perpendicular to a plane of the first dielectric 
window and where fg is a selected frequency lying in the range 0.1 MHz < 
fO < 100 MHz; 

a second electromagnetic field source, positioned within the first 
housing adjacent to the first wafer support and including a time-varying 
voltage source, that produces an electromagnetic field with an electrical 
field vector E^(t) that varies with time approximately as Es(t) = EsO + 
Esicos(27cf jt + (t>) in the first selected time interval, where EpQ and Epj 
are selected constant vectors, where f j is a selected frequency lying in the 
range 0.1 MHz < f i < 100 MHz, and where (|) is a selected phase angle; 

a first plasma gas source, positioned adjacent to and connected to the 
first housing, to deliver a first selected plasma gas containing a compound 
including hydrogen and a selected halogen to a first selected region within 
the first housing that is positioned between the first wafer support and the 
first dielectric window, in a first processing time interval that includes the 
first selected time interval; 

a first exit port to remove gases from within the first housing after 
completion of the first processing time interval; 

a second closed housing having a second dielectric window on one 
wall of the second housing that is substantially transparent to 
electromagnetic radiation having a selected frequency Fq in the range 0.1 

- 100 MHz; 

a second wafer support, positioned within the second housing and 
adjacent to but spaced apart from the second dielectric window, for 
supporting a wafer having an exposed surface; 

a plurality of fluid-carrying grooves or channels, formed in the 
second wafer support for wafer temperature control, for maintaining the 
temperature of a wafer that is positioned on the second wafer support 
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approximately at a second temperature T2 in the approximate range 180 
< T2 < 290 OC during a second selected time interval; 

a third electromagnetic field source, positioned outside the second 
housing adjacent to the second dielectric window and including a current- 
carrying coil formed approximately in a plane that is approximately 
perpendicular to a plane of the second dielectric window, that produces an 
electromagnetic field with a magnetic field vector BIpCt) diat varies with 
time t approximately as Blpit) = filpQ + B:picos(27cfot) in the third 
selected time interval and in the fourth selected time interval, where BlpQ 
and Blpi are selected constant vectors, where the direction of the magnetic 
field BlpCt) is approximately perpendicular to a plane of the dielectric 
window and where fg is a selected frequency lying in die range 0.1 MHz 
< fO ^ 100 MHz; 

a second plasma gas source, positioned adjacent to and connected to 
the second housing, to deliver a second selected plasma gas containing H2O 
to a second selected region within the second housing that is positioned 
between the second wafer support and the second dielectric window in a 
second processing time interval that includes the second selected time 
interval; and 

a second exit port to remove gases from within the housing after 
completion of the second processing time interval. 

1 1. A system for removal of photoresist material from a polysilicon 
or metallized semiconductor wafer on which the photoresist has been 
deposited, the system comprising: 

a wafer support for supporting a wafer having an exposed surface; 

wafer temperature control means for maintaining the temperature 
of a wafer that is positioned on the wafer support approximately at a first 
temperamre Tl in the approximate range 0 < Tl < 70 during a 
first selected time interval and for maintaining the temperature of the 
wafer approximately at a second temperature T2 in the approximate range 
180 °C < T2 < 290 ®C during a second selected time interval; 
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an electromagnetic field source that produces an electromagnetic 
field with a magnetic field vector Bp(t) that varies with time t 
approximately as Bp(t) = BpQ + Bp]cos(27tfot), where BpQ and fipj are 
selected constant vectors, where the direction of the magnetic field Bp(t) is 
approximately perpendicular to the wafer exposed surface, where fo is a 
selected frequency lying in the range 0. 1 MHz < f < 100 MHz; 

a fu-st plasma gas source to deliver a selected first plasma gas 
containing a compound including hydrogen and a halogen to a selected 
region adjacent to the wafer exposed surface in the first selected time 
interval; 

a second plasma gas source to deliver a selected second plasma gas 
containing H2O to the selected region in the second selected time interval; 

and 

exit means for removing gases from the selected region in a selected 
exit time interval. 

12. The system of claim 11, further comprising a second 
electromagnetic field source that producesa second electromagnetic field 
with an electrical field vector ^(t) that varies with time approximately as 
Ep(t) = Epo + Epicos(27rfit), where EpO and Epi are selected constant 
vectors, and where fj is a selected frequency lying in the range 0.1 MHz < 

f < 100 MHz. 

13. The system of claim 1 1, wherein said second plasma gas includes 
a second gas constituent that is drawn from the class hydrogen-containing 
and oxygen-containing molecules consisting of H2, O2, OH and H2O2. 
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